The critical behavior of a model having three quartic coupling constants which describes phase transitions in antiferromagnets with 2N -component (N ≥ 2) real order parameters is studied within the field-theoretical renormalization-group (RG) approach in three dimensions. The RG functions are calculated in the three-loop order and resummed by means of the generalized Padé-Borel procedure which is shown to preserve the specific symmetry properties of the model. It is found that a non-trivial (anisotropic) stable fixed point does exist in the three-dimensional RG flow diagram for N ≥ 2 and lies near the Bose fixed point. As a result, the critical exponents for both fixed points turn out to be close to each other. The numerical accuracy of the results given by the resummed three-loop RG expansions is discussed and estimated. 64.60.Ak, 64.60.Fr, 75.40.Cx, 75.50.Ee Typeset Using REVTEX 1
In this Brief Report, we study within the field-theoretical RG approach in three di- Another physically interesting case N = 3 corresponds to antiferromagnetic phase transition in the K 2 IrCl 6 crystal and, for v = z, to those in T bD 2 and Nd [1, 2, 3] .
This model was studied earlier in the frame of the ǫ-expansion method and directly in three dimensions within the lower orders (one-and two-loop) of perturbation theory [1, 2, 3, 4] .
The main result of those investigations was the existence of the nontrivial (anisotropic) stable fixed point, the so called "unique" fixed point, in the three-dimensional RG flow diagram for N ≥ 2. This point was shown to determine a new universality class characterized by a certain set of critical exponents. It is known however that the lower-order approximations may lead to crude quantitative and, sometimes, to contradictory qualitative results, especially for systems with nontrivial symmetry. That is why recently the complete analysis of the critical behavior of the model (0.1) has been carried out up to third order in ǫ [5] .
Using minimal subtraction scheme the perturbative expansions for β-functions and critical exponents have been found and the RG flow diagram has been studied. Investigation of the fixed points stability and the calculation of critical (marginal) dimensionality N c of the order parameter separating two different regimes of critical behavior showed that the model (0.1) does possess the anisotropic stable (II-tetragonal) fixed point in the three-dimensional space of coupling constants for physically interesting cases N = 2 and N = 3. However, the eigenvalue exponents for this point turned out to be twofold degenerate in the one-loop approximation [6] and such a degeneracy was shown to decrease substancially the accuracy expected within a given approximation. The character of the critical asymptotics and the structure of the phase diagram in the fluctuation region is known to be determined by the RG equations for quartic coupling constants. To calculate the β-functions entering these equations and critical exponents as functions of dimensionless coupling constants u, v, and z a standart technique based on Feynman graph expansions and the renormalization procedure is used. In the three-loop approximation the β-functions and exponents γ and η are found to be as follows: 
These RG series are known to be divergent. They contain, however, important physical information which may be extracted provided some procedure making them convergent is applied. The most common procedure is the Borel transformation combined with some method of analytical continuation. Since we are dealing here with the expansions of quantities depending on three variables u, v, and z, the Borel transformation should be taken in a generalized form:
To perform an analytical continuation of the Borel-transformed expansion we address to the resolvent series [7] F (x, y, w, λ) = Table 1 and   Table 2 , respectively. These tables contain also, for comparison, analogous estimates found earlier from the resummed two-loop RG series [4] .
The higher-order contributions to the β-functions is seen to change the location of the fixed points markedly. Of special interest is the fortune of the nontrivial, anisotropic fixed point 8 in the three-dimensional parameter space. In the one-loop approximation for N = 2 it coincides with the Heisenberg point [10] . 
quartic coupling constants are also transformed : 8) but the structure of the Hamiltonian itself remains unchanged. Moreover the RG equations are known to be invariant with respect to any transformation conserving the structure of the Hamiltonian [15] . It means that for any N under the Eq. (0.8) the functions β u , β v , and β z should obey special symmetry relations which may be readily written down:
Since above transformations do not affect the form of the RG equations they can, at most, rearrange the fixed points leaving their coordinates unchanged. To check up whether such an invariance holds for the fixed points found let us apply the linear transformation (0.8) to the content of Table 1 The results for N = 2 and N = 3 are presented in Table 3 . It follows from this table that the critical exponents of the II-tetragonal fixed point only slightly differ from those of the Bose one. Such a closeness is not occasional being a consequence of the fact that anisotropic stable fixed point and Bose point lie very near from each another at the three-dimensional RG flow diagram.
One can see also that the critical exponents for the fixed points 2 (Heisenberg), 5 (Bose), 3 (Ising) and for its symmetry counterpart 6 differ from their analogs resulting from the highest-order available, six-loop RG expansions [16, 17, 18, 19] Somewhat different situation takes place for the anisotropic fixed point 8. In the threeloop approximation it is three-dimensionally stable and characterized by negative values of the specific heat exponent α, while the Bose fixed point lying nearby within the plane v = z turnes out to be unstable since it has a positive α. In fact, however, the XY -like critical behavior in three dimensions is described by the negative α as is known from both six-loop RG calculations [16, 17] and recent high-precision measurements [20, 21] . Moreover, a sign Of course, dealing with the theory without a small parameter and the short (three-loop) perturbative expansions one would referred to such an accuracy as satisfactory. On the other hand, numerically small errors lead in this case to qualitatively incorrect results. The situation therefore looks rather unfavorable and needs in some comment. The point is that
in three dimensions the model (0.1) turns out to be very close to some marginal system. We mean the system for which α = 0 at the XY -like criticality and, as a consequence, fixed points 5 and 8 coincide. Since such a degeneracy (marginality) is far from to be seen in the one-loop RG approximations, it is hardly manifests itself within a perturbation theory, even in higher orders.
It is worthy to note that discussed "near-marginality" is not a unique feature of the model (0.1). This peculiarity is typical for 3D phase transition models with several quartic coupling constants. Thus, for the n-vector cubic model n c the marginal value of n which separates two different regimes of critical behavior turns out to be numerically close to the physical value n = 3 [24, 25, 26] . The model describing magnetic phase transitions into chiral states has the marginal dimensionality of the complex order parameter N c2 (separating domains of continuous and first-order transitions) which is also very close to the physical value N = 2 [9, 10] , etc. Hence, to obtain the definite answer to the question about the type of the critical behavior of such "unconvenient" models the four-loop or even higher-order RG analysis should be carried out. 
